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Abstract With up to 400 million affected people world-

wide, chronic hepatitis B virus (HBV) infection is still a

major health care problem. During the last decade, several

novel therapeutic approaches have been developed and

evaluated. In most regions of the world, interferon-a, and

nucleos(t)ide analogues (NUCs) are currently approved.

Despite major improvements, none of the existing therapies

is optimal since viral clearance is rarely achieved.

Recently, a better understanding of the HBV life cycle and

the development of novel model systems of HBV infection

have led to the development of novel antiviral strategies

and drug targets. This review will focus on current and

potential future drug targets in the HBV life cycle and

strategies to modulate the virus–host interaction.
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Epidemiology

Infection with the HBV is a major health care problem with

up to 400 million affected persons worldwide. The infec-

tion accounts annually for approximately 1 million deaths

from cirrhosis, liver failure, and hepatocellular carcinoma

(HCC). HBV is transmitted percutaneously, sexually, and

perinatally [1]. The prevalence of HBV infection and

patterns of transmission vary greatly throughout the world

[1]. As a general rule, in high-prevalence countries

(e.g., Asia), the source of infection is mainly through

perinatal transmission from chronically infected mothers.

In low-prevalence countries (e.g., western countries),

infection occurs mainly by sexual contacts and percutane-

ously, for example, by needle sharing among injecting drug

users [1, 2]. The risk of establishing a persistent, lifelong

infection is very high if HBV infection is acquired peri-

natally (approximately 90%). By contrast, in adults about

90% spontaneously clear the infection [1]. Recently, uni-

versal HBV vaccination programs and measures to control

HIV infection have led to a decrease in the incidence of

acute hepatitis B. Nevertheless, HBV infection is still an

important public health problem as new infections continue

to occur.

Molecular virology of hepatitis B virus (HBV)

HBV is a small, enveloped DNA virus that belongs to the

family Hepadnaviridae. The viral genome and its genetic

organization have been studied in great detail. Currently,

eight HBV genotypes (A–H) with a distinct geographic

distribution have been identified: genotypes A (serotype

adw) and D (serotype ayw) are most common in the US

and Europe, genotypes B (serotype adw) and C (serotype

adr) in China and Southeast Asia [3]. The HBV genotypes

have some impact on the natural course of HBV infection,

the HCC development as well as the response to antiviral

therapy [4]. The virus itself is non-cytopathic. Cytotoxicity

in HBV infection seems to be mainly immune mediated.

The life cycle of hepatitis B virus

After liver cell membrane attachment to most likely cell-

associated heparan sulfate proteoglycans, the viral particle

binds specifically to an unknown hepatocyte-specific

preS1-receptor (Fig. 1) [5]. Until now, the precise mecha-

nism of viral entry has not been elucidated. Both,
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endocytosis and direct fusion of the viral envelope with the

plasma membrane have been proposed as potential path-

ways. After uncoating/release into the cytoplasm and

transport of the nucleocapsid to the nucleus, the partially

double-stranded viral relaxed circular DNA (rcDNA) is

repaired by both viral and cellular enzymes. Specifically,

the incomplete plus-strand of the rcDNA is completed by

the viral polymerase and in another step the viral poly-

merase and RNA-primers used for DNA plus-strand syn-

thesis are removed by cellular enzymes [6]. Eventually,

covalently closed circular DNA (cccDNA) is formed by

covalent ligation of both DNA strands. Lack of cccDNA

formation in non-human host cells, such as hepatocytes

from HBV transgenic mice suggests that host-specific

factors may regulate this ligation process [5]. There is

evidence that each infected cell contains 1–50 cccDNA

molecules as unique episomal minichromosomes. As a

replicative intermediate of the HBV life cycle, cccDNA is

crucial for the persistence of HBV infection. Importantly,

this seems to be true even in patients that show serologic

evidence of viral clearance [7]. Viral cccDNA serves as a

template for RNA synthesis. All viral RNA species are

transcribed from the cccDNA using the cellular transcrip-

tional machinery. The viral DNA contains four major open

reading frames:

1. the precore/core gene, coding for the nucleocapsid

protein and for the secreted, non-structural, precore

protein, the HBeAg;

2. the polymerase gene coding for the reverse transcrip-

tase, RNase H and the terminal protein domains;

3. the PreS1/L-, PreS2/M- and Surface/S-gene, coding for

the three envelope proteins; and

4. the X gene, coding for the regulatory X-protein [5].

Enveloped virions bind to the host cell by an unknown

preS1-receptor. The rcDNA containing nucleocapsids are

released into the cytoplasm and transported to the nucleus.

In the nucleus, the rcDNA is repaired to form cccDNA.

The cccDNA is transcribed into subgenomic RNA

(sgRNA) and pregenomic RNA (pgRNA). The pgRNA is

encapsidated together with the P protein. Inside the

nucleocapsid, the pgRNA is reverse transcribed into neg-

ative-strand DNA. rcDNA is generated by plus-strand

synthesis from the negative-strand DNA. The nucleocaps-

ids are either re-imported to the nucleus for cccDNA

amplification or enveloped and released via the endoplas-

mic reticulum (ER). Drug targets within the HBV life cycle

and immunomodulatory approaches are depicted in red in

Fig. 1 (adapted from [5]).

After nuclear export, the pgRNA is translated into the

core protein and the viral polymerase. The sgRNA is

translated into the regulatory X-protein and the three

envelope proteins. Self-assembly of the RNA-containing

viral nucleocapsid takes place via complex formation of the

pgRNA with the core protein and the polymerase. In the

cytoplasm, RNA-containing nucleocapsids undergo a

maturation process to DNA containing nucleocapsids by

reverse transcription of the pgDNA. The reverse trans-

criptase lacks proofreading activity; thus, mutations of the

viral genome are frequent and result in the coexistence of

genetically distinct viral species in infected individuals

(quasispecies).

In the HBV life cycle, the DNA containing nucleo-

capsids fulfil two functions. First, they can be either re-

imported into the nucleus to form additional cccDNA or

second, they can be enveloped for secretion via the ER.

After budding into the ER lumen, the envelope proteins are

secreted by the cell either as small, non-infectious subviral

spherical or filamentous particles (SVPs) of 22 nm diam-

eter or as infectious virions of 42 nm (Dane particles).

Usually, the non-infectious SVPs are produced in a 1,000-

to 1,000,000-fold excess over virions.

Goals and end points of antiviral therapy

Clinically, the antiviral therapy should improve the quality

of life and survival of chronically HBV infected patients by

preventing disease progression to (1) cirrhosis, (2)

decompensated cirrhosis, (3) end-stage liver disease, (4)

HCC, and (5) death. Current therapies aim for a sustained

suppression of viral replication that usually results in a

reduced histological activity of chronic hepatitis and bio-

chemical remission [8]. Consequently, the risk of pro-

gression to cirrhosis decreases together with the incidence

of HCC in non-cirrhotic and to a lesser extent also in cir-

rhotic patients [8, 9].

The end point of HBV therapy differs between patient

groups. The European Association for the Study of the

Liver (EASL) distinguishes between three serological

constellations [8]:

1. In HBeAg positive and HBeAg negative patients, the

ideal end point is sustained HBsAg loss with or

without seroconversion to anti-HBs.

2. In HBeAg positive patients, durable seroconversion to

anti-HBe is a satisfactory end point.

3. In HBeAg positive patients who do not achieve an

anti-HBe seroconversion, a maintained undetectable

HBV DNA level on treatment with NUCs or a

sustained undetectable HBV DNA level after inter-

feron-a (IFN-a) therapy is the next most desirable end

point.

In theory, the ideal goal of antiviral therapy for chron-

ically HBV infected patients would be a complete HBV

elimination including HBsAg loss and seroconversion to
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anti-HBs and complete eradication of cccDNA from

infected hepatocytes. However, the elimination of viral

cccDNA from the nucleus of infected hepatocytes cannot

be achieved by any of the currently available drugs [8]. In

line with this, a leading hypothesis is that the clinical

resolution of HBV infection does not necessarily require

the complete eradication of the virus from the liver. Rather,

control of viral replication by the host’s immune system is

thought to play a crucial role [10].

Current HBV therapies

In Europe and the US, seven drugs are currently approved

for the treatment for chronic hepatitis B, namely conven-

tional IFN-a, pegylated IFN-a (pegIFN-a), and the NUCs

lamivudine, adefovir, entecavir, telbivudine, and tenofovir

[4, 8]. We will first discuss the approved drugs and recent

developments in this field. Second, we will introduce

emerging antiviral strategies in HBV treatment at various

stages of preclinical and clinical development.

Interferons

Interferon alpha Type I IFNs, among others including

IFN alpha (IFN-a) and IFN beta (IFN-b) act through a

heterodimeric receptor, called IFNAR, which seems to be

expressed ubiquitously [11]. The mechanism of action of

IFNs is very complex. Initially, it was believed that type I

IFNs mediate their antiviral activity only by the induction

of IFN-stimulated genes (ISGs) and maintenance of an

antiviral state of the host cell [12]. In addition to the direct

effect on the host cell, it has been shown that type I IFNs

contribute to the antiviral defense by a number of other

mechanisms, for example, a functional modulation of nat-

ural killer (NK) cells [12, 13] and an induction of

costimulatory molecules on dendritic cells (DC) [14].

Fig. 1 HBV life cycle
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Furthermore, type I INFs have been found to enhance

expression of and antigen presentation by major histo-

compatibility complex (MHC) class I and II [15]. In the

case of HBV, it has been demonstrated that IFN-a/b
eliminates HBV RNA-containing capsids from the cell in a

proteasome-dependent manner [16].

Type I IFNs, especially IFN-a, have been extensively

studied in the treatment of chronic HBV infection.

Compared with NUCs, the advantage of IFN treatment is

a finite duration of treatment, the absence of resistance, and

a higher rate of anti-HBe and anti-HBs seroconversion.

Disadvantages are the moderate antiviral effect, need of

subcutaneous injection, and significant side effects. These

include, among others influenza-like symptoms (e.g.,

fatigue, myalgias, and fever), cytopenia, depression, anx-

iety, irritability, and autoimmune disorders. The use of

standard IFNs that need to be administered thrice weekly

has largely been replaced by pegIFN-a [1]. For pegylation,

a polyethylene glycol molecule is attached to IFN-a with

the advantage of a prolonged half-life amongst others due

to a reduced glomerular filtration of the protein [17]. This

allows pegIFN-a to be administered once weekly with a

positive effects on patient compliance [17].

The HBV genotype was found in some studies to affect

the rate of HBeAg loss in HBeAg positive patients. Indeed,

patients with HBV genotype A and B show a better

treatment response than patients with genotype C and D

[18].

Interferon lambda Interferon lambda (IFN-k) belongs to

the type III IFNs [19]. There are three subtypes, namely

IFN-k1, -k2, and -k3, also termed as IL29, IL28A, and

IL28B, respectively. These cytokines have been discovered

by the use of bioinformatics in 2003 and were subsequently

found to resemble type I IFNs by (1) being induced by viral

infections, (2) stimulating expression of ISGs by similar

intracellular signaling pathways, and (3) having antiviral

activity in cell culture and in mice [19–22]. Type III IFNs

bind to the IL-28Ra/IL-10R2 receptor complex [19]. The

distribution of this receptor in human tissues differs sub-

stantially from that of the type I IFN receptor. While the

IFNARs are expressed ubiquitously, IL-28Ra has a limited

expression on a very narrow range of cell types, mostly

epithelial cells [23]. There is recent evidence from trans-

genic mice that INF-k plays a local, rather than systemic,

role in antiviral immunity [24]. Interestingly, human

hepatocytes express the IL-28Ra chain and are responsive

to IFN-k [25]. Furthermore, it has been shown that IFN-k
inhibits HBV replication in vitro [26]. These recent find-

ings increased the interest in IFN-k based therapies for the

treatment of chronic hepatitis. There are expectations that

the more restricted tissue distribution of the IFN-k receptor

complex would be associated with significantly fewer side

effects of IFN-k as compared to IFN-a based therapies

[27]. Whether IFN-k is a useful antiviral to treat chronic

HBV infection in humans needs further investigation.

However, an early clinical phase Ib trial using pegIFN-k1

in patients with chronic hepatitis C virus (HCV) infection

showed promising results [28].

Interferon gamma Interferon gamma (IFN-c), the single

member of the type II IFNs, is synthesized only by certain

cells of the immune system. These include NK cells and T

cells. Physiologically, IFN-c is secreted after mitogenic or

antigenic stimulation of the respective cells. In a study

published in 1991, patients with chronic HBV infection

have been treated with IFN-c or IFN-a, with the latter being

superior to an IFN-c based therapy [29]. Despite the poor

antiviral effect of IFN-c, there is evidence that this drug

can be used to reduce fibrosis progression or existing

fibrosis [30].

Nucleos(t)ide analogues (NUCs)

The nucleoside analogues lamivudine, entecavir, and tel-

bivudine as well as the nucleotide analogues adefovir and

tenofovir have been approved for HBV treatment. NUCs

are competitive inhibitors of the HBV polymerase. Since

their structure is similar to the natural nucleotides, these

agents are integrated in the DNA during viral replication.

Due to the lack of a hydroxyl group, the formation of a

covalent bond with the next nucleotide is impossible. This

results in a chain termination and subsequent inhibition of

HBV replication. Albeit all NUCs act on the HBV poly-

merase, their precise mechanisms of inhibition are different

(Table 1) [15]. NUCs are orally administered drugs that

have a potent antiviral effect (lamivudine and adefo-

vir \ entecavir, telbivudine, and tenofovir). NUC treat-

ment is usually well tolerated. The main drawbacks of

these drugs are the indefinite duration of treatment and

lower rates of anti-HBe and anti-HBs seroconversion

compared to IFN-a. The risk of resistance differs with a

low risk for entecavir and tenofovir, a moderate risk for

adefovir, and a high risk for lamivudine and telbivudine

[1]. Cross-resistance has been described, meaning that a

mutation that mediates resistance to one NUC also confers

resistance to another [31]. Mutations conferring resistance

usually occur within the gene that encodes for the HBV

polymerase. As this gene overlaps with the gene that

encodes the viral envelope, resistance mutations can affect

both proteins [31]. As tenofovir and entecavir have a

markedly lower risk of resistance than the other approved

NUCs, these drugs are preferentially used as a first-line

therapy today. Since it is unlikely that newer NUCs that

overcome the problem of drug resistance will be available
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in the near future, combination therapies of the currently

available drugs need further study. Whereas first clinical

trials could not show an increased antiviral effect, the use

of NUCs with a complementary cross-resistance profile

prevents the development of resistance [31, 32]. To date, it

remains unclear whether or not there is a sustained addi-

tional effect of a combination therapy [31–34]. Further

studies are therefore needed.

Currently, several novel NUCs are at various stages of

clinical drug development [4]. Clinical trials with clevu-

dine, a newer pyrimidine nucleoside that was already

approved in some Asian countries, have been stopped in

2009 because myopathy was reported in a number of

patients [35–37]. Prodrugs that are selectively metabolized

and activated in the liver, as for example, LB80380 (similar

to adefovir and tenofovir) are currently being tested [38–

41]. Apart from that, an acyclic pyrimidine nucleoside

phosphate named PMEO-DAPym represents the prototype

compound of a novel class of pyrimidine acyclic nucleo-

side phosphonates that are recognized as a purine nucleo-

tide [42]. In vitro experiments showed that even multi-drug

resistant HBV strains remained sensitive to this compound

[43, 44]. Hence, this compound could represent a promis-

ing drug for treatment of HBV (and HIV) in the future.

Emerging antiviral approaches

Besides the aforementioned therapeutics, several emerging

antiviral approaches are currently under investigation.

Most of these have initially been evaluated using in vitro

and in vivo models of HBV infection. Stable, inducible

HBV producing HepG2 and Huh7 cell lines, the HepaRG

based infection system and the HBV transgenic mice are

just some of the available HBV model systems [31, 45–47].

Whether and which of these approaches will be clinically

useful in the future remains to be elucidated. We will

present some of the most promising approaches following

the HBV life cycle starting with entry, genome processing,

protein assembly, and finally immunological approaches to

infection control.

Entry inhibitors As shown for HIV, specific inhibition of

viral entry is a promising therapeutic concept to control

both acute and chronic viral infection [48]. It has been

shown that acylated peptides derived from the large HBV

envelope protein block viral entry in vitro and in vivo, most

likely by preventing interaction of HBV with its receptor

[49, 50]. Accordingly, antiviral activity against any HBV

genotype is expected. As the acylated peptides target cel-

lular proteins, the emergence of resistant mutants during

antiviral therapy seems to be less likely [50]. Clinically,

entry inhibitors could be used, for example, as post-expo-

sure prophylaxis and for prevention of vertical transmission

as well as re-infection after liver transplantation [4, 50]. It

might also restrain virus spread in chronically infected

patients [50].

APOBEC3 cytidine deaminases DNA viruses, retrovi-

ruses, and hepadnaviruses, such as HBV, have been shown

to be vulnerable to genetic editing of single stranded DNA

by host cell APOBEC3 cytidine deaminases [51–53].

Mechanistically, the enzyme is thought to deaminate

deoxycytidine residues to deoxyuridine in the growing

minus-strand viral DNA species during reverse transcrip-

tion [54]. APOBEC3 genes are up-regulated in chronic

inflammatory responses to HBV infection and APOBEC3G

has been shown to be a major restriction factor for HBV

replication [53]. Therefore, modulation of APOBEC3G

expression has been discussed as a potential antiviral

strategy. However, recent ex vivo studies revealed that

although the mutant spectrum resulting from APOBEC3

editing is highly deleterious, some edited genomes might

help the virus to evolve and even escape the immune

response of the host [53]. Further studies are needed to

elucidate the clinical relevance of these findings.

Variants in the HLA-DP locus In a huge effort, a recent

genome-wide association study aimed to identify risk fac-

tors for chronic HBV infection [55, 56]. It has been dem-

onstrated that genetic variants in the HLA-DP genes are

strongly associated with chronic HBV infections in the

Asian population [55]. The underlying mechanism needs to

be determined. In addition, it remains unclear whether or

not the same is true for the non-Asian population. None-

theless, antigen presentation on HLA-DP molecules might

be critical for HBV elimination and may play an important

role in the pathogenesis of chronic HBV infection [55].

Table 1 Structure and

mechanism of action of

approved NUCs [3, 4, 31]

Drug Structure Base

priming

(-) Strand

synthesis

(?) Strand

synthesis

Lamivudine Cytidine analogue x x

Adefovir Adenosine analogue x x

Entecavir Guanosine analogue x x x

Telbivudine Thymidine analogue x

Tenofovir Adenosine analogue x x
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These aspects may be relevant for the development of

novel therapies.

Covalently closed circular DNA directed therapeutic

approaches The viral cccDNA is localized in the nuclei

of infected hepatocytes and has a long half-life. Since NUC

based antiviral therapies cannot prevent the formation of

cccDNA, it has been assumed that persistent low-level

viremia during therapy leads to infection of new cells.

Thus, prevention of the formation of cccDNA and elimi-

nation of cccDNA to prevent reactivation of viral replica-

tion after withdrawal of antiviral therapy is of special

clinical interest [10, 31]. Despite still being in their

infancy, agents that modify epigenetic regulation of

cccDNA transcriptional activity as well as the modulation

of duck HBV cccDNA transcription by zinc finger proteins

in vitro raise hope for a therapeutic application in the future

[57, 58].

Glucosidase inhibitor derivatives Glucosidases are cel-

lular enzymes that play an important role in glycoprotein

synthesis. Glucosidase inhibitors have anti-HBV proper-

ties most likely by inhibition of envelope protein glyco-

sylation in the ER and thereby inhibiting viral

morphogenesis and infectivity in vitro [59, 60]. In the case

of HCV, phase II clinical trials evaluating the glucosidase

inhibitor celgosivir are underway. Whether this drug can

be used to treat chronic HBV infection in vivo needs

further investigation.

Heteroaryldihydropyrimidines

Heteroaryldihydropyrimidines (HAPs) form a new class of

antivirals that inhibit production of HBV virions in cell

culture [61, 62]. HAPs have multiple effects in vivo

resulting from inappropriate assembly of HBV capsid

proteins. One of the most extensively studied HAP com-

pounds, Bay 41-4109, inhibited both HBV DNA replica-

tion and HBcAg assembly in a dose-dependent manner in

vitro [63–65]. Since this effect seems to be specific, Bay

41-4109 could be an effective drug in vivo.

Phenylpropenamides The phenylpropenamide deriva-

tives AT-61 and AT-130 inhibit HBV replication in vitro.

The more potent inhibitor, AT-130 inhibited HBV DNA

replication in hepatoma cells without having any effect on

viral DNA polymerase activity or core protein translation

[66]. Phenylpropenamides have been shown to act at the

level of viral encapsidation and packaging and to be active

against lamivudine-resistant strains [66, 67]. Therefore,

these derivatives could be valuable in combination thera-

pies for example with NUCs [4]. No clinical trials have

been conducted so far.

Helioxanthin analogues Ying et al. demonstrated that the

helioxanthin analogue 8-1 has a potent antiviral effect in

hepatoma cells stably producing HBV. It suppressed HBV

RNA and protein expression, as well as DNA replication of

both wild-type and lamivudine-resistant virus. The mech-

anism underlying this strong antiviral effect is a down-

regulation of critical transcription factors. As a conse-

quence, HBV promotor activity and viral gene expression

as well as replication are blocked [68, 69]. Further studies

are ongoing.

Nitazoxanide Nitazoxanide, belonging to the thiazolides,

was licensed in the US for treatment of Cryptosporidium

parvum and Giardia lamblia in 2002 [70]. A number of

studies indicate that this drug might also be effective

against chronic HCV and HBV infection [71]. The antiviral

mechanism most likely involves the interferon-induced

cellular protein kinase activated by double-stranded RNA

(PKR) [72]. Nitazoxanide and its metabolite tizoxanide

show potent inhibitory effects in vitro and synergistic

effects with other antivirals, such as lamivudine and ade-

fovir [71, 73]. In a small clinical trial, nitazoxanide has

shown preliminary evidence of efficacy in treatment of

chronic hepatitis B [74]. A formal phase II study is planned

[71].

RNA-based antiviral approaches Basically, RNA-based

therapies include four different approaches, namely anti-

sense molecules, ribozymes, siRNA and aptamers [75]. In

this review, we will focus on the siRNA approach.

RNA interference (RNAi) and small interfering RNA

(siRNA) Currently, RNAi is one of the most progressive

fields in biology. The effector RNA molecules of RNAi

consist of approximately 20–30 nucleotides that are com-

plexed with protein components of the RNA-induced

silencing complex (RISC) [76]. The siRNA mediate

silencing either by transcriptional or post-transcriptional

gene silencing [76]. Therapeutic applications of RNAi pose

challenges, like effective and specific in vivo delivery and

little or no side effects [77]. As HBV replicates via an RNA

intermediate, it is sensitive to RNAi [77]. Until today,

several studies described an antiviral effect of RNAi

against HBV in vitro and in vivo [4]. Whether or not this

approach will be helpful in clinical practice needs further

evaluation [78]. Currently, a phase I clinical trial with the

siRNA NUC B1000 in HBV infection has been reported

[76].

Immune-based therapy The weakness of current thera-

peutic approaches is that many patients do not establish an

efficient immunological control over the virus [1]. Sus-

tained clearance of HBV DNA and anti-HBs seroconver-

sion are rarely achieved. This is probably related to a

defective reconstitution of an efficient HBV-specific
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adaptive immune response. The importance of a coordi-

nated cellular and humoral immune response in HBV

control is evident [10]. Individuals with a self-limited acute

HBV infection show a multi-specific CD4 and CD8 T cell

response with a type I profile of cytokine production and a

solid HBV-specific antibody production. Patients chroni-

cally infected with HBV usually lack adequate responses.

Based on these observations, a sustained reconstitution of

HBV-specific immunity in chronically infected patients

could be a rational strategy for the control of chronic HBV

infection. This is impressively supported by the observa-

tion that patients with chronic HBV infection can

efficiently control the infection after bone marrow

transplantation from donors with natural immunity to HBV

[79–81].

In the following, we will briefly discuss thymosin a-1 as

a rather unspecific immunomodulatory approach and the

pitfalls of recent efforts concerning therapeutic vaccina-

tion. Other experimental approaches to treat chronic HBV

infections have been extensively reviewed elsewhere [82].

Thymosin a-1 Thymosin a-1 (thymalfasin) is a 28 amino

acid protein with immunomodulatory activities. Thymosin

a-1 was shown to enhance T cell function by promoting

differentiation, maturation, and increased production of

cytokines, like IFN-c or IL-2. Moreover, it is thought to

increase MHC class I expression and NK cell activity [83].

Several clinical studies have been conducted using thy-

mosin a-1 [83]. Treatment with thymosin a-1 seems not to

be superior to currently available antiviral therapies but

might be useful in combination therapies [84]. Trials are

ongoing.

Therapeutic vaccination Therapeutic vaccination aims to

eliminate chronic HBV infection by boosting the patient’s

HBV-specific immunity [82]. Initial approaches tried to use

HBV vaccines alone or in combination with NUCs. How-

ever, these attempts have been largely unsuccessful and

could not show a significant benefit [85–87]. These trials

were based on the use of prophylactic HBsAg vaccines that

were initially designed to stimulate anti-HBs antibody

production [82]. Recent approaches using pre-S1/pre-S2/S

vaccine designed to induce HBV-specific T cells also failed

to achieve HBeAg or HBsAg clearance. The failure was

attributed to a vaccine-induced T cell proliferation with a T

helper type 2 cytokine profile [88]. A recent vaccine

designed to specifically induce HBV-specific cytotoxic T

lymphocyte responses has also been disappointing in terms

of therapeutic efficacy [89, 90]. The role of DC vaccines in

HBV infection still needs further study [91]. A recent phase

IIb clinical trial using a therapeutic antigen–antibody

immune complex vaccine in patients with chronic HBV

infection showed some promising effects on HBeAg

seroconversion [92, 93]. While the vaccines mentioned

above predominantly focused on HBV envelope proteins as

antigen, it might be useful to test other HBV antigens, such

as core or polymerase or a combination of different cyto-

toxic and helper T cell epitopes in order to optimize the

therapeutic vaccination [82].

Conclusions

Successful treatment of chronically HBV infected patients

had first been published in the late 1970s. Although anti-

viral therapy of chronic HBV infection has improved dra-

matically during the last decades and novel drugs have

been approved recently, a 100% effective treatment is still

not available [4]. There is a strong need for treatment

regimens that result in a sustained response, have a short

duration, result in low resistance rates, lack major side

effects, and are affordable. On the one hand, a combination

therapy of already approved drugs might help to achieve

this goal. On the other hand, some of the experimental

approaches discussed above are very promising and will

hopefully enter clinical practice soon.
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